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(54) A sprue bushing for an injection 
moulding apparatus 

(57) A sprue bushing 1 0 has a central 
runner passage for conveying melt 
from the molding machine or manifold 
to a mould cavity 13. The runner pas- 
sage extends through an elongated 
inner core portion 14 having an un- 
dulating outer surface 24 in the form of 
a helical ridge 26 with a rounded cross 
section. A single element electrical 
heating element 16 with a helical con- 
figuration is located over the core por- 
tion 14 and an outer shell portion 18 is 



cast over them to form the sprue 
bushing as an integral unit. The inner 
core portion 14 is formed of a high 
strength material such as a beryllium 
nickel alloy and the outer shell portion 
18 is formed of a highly conductive 
material such as a beryllium copper 
alloy. The coils of the heating element 
are separated from each other and 
threaded in the opposite direction to the 
helical ridge on the outer surface of the 
core portion. This allows the highly 
conductive material to surround the 
heating element with no insulative air 
gaps. 



FIG.1. 
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SPECIFICATION 

Spate bushing with cast in heater element 

5 Background of the invention 

This invention is a continuation-in-part of applica- 
tion serial number 970,385 filed December 18, 1978. 

This invention relates to runneriess injection 
molding and more particularly to an improved 
10 electrically heated sprue bushing. 

In the past, cold sprue bushings have been widely 
used to convey the melt from the molding machine 
to the mold, but these have the disadvantage that 
they form products having an extending sprue which 
15 then must be clipped. Furthermore, a larger melt or 
runner passage must be provided in order to 
minimize the problem of stuck sprues and this 
requires a longer time for the sprue to cool, which in 
turn limits reductions in cycle time. 
20 More recently, heated sprue bushings have been 
provided in attempts to overcome these problems. 
One type of heated sprue bushing has the melt 
flowing around a central "torpedo" heater element. 
This arrangement retains many of the disadvantages 
25 of cold sprue bushings, and in addition, creates an 
undue pressure drop through the bushing. Furth- 
ermore, the temperature of the melt is uneven and 
excessive temperatures must be provided at the 
central "torpedo" element in order to ensure the 
30 bushing remains operational. 

Even more recently, sprue bushings have been 
developed with a helical electric heating element 
surrounding a sleeve which defines the central melt 
or runner passage. This, in turn, is surrounded by an 
35 outer elongated sleeve or member. While providing 
some advantages over the prior art, this structure 
still has several disadvantages. In order to withstand 
instantaneous injection pressures which may exceed 
40,000 psi., these bushings have been formed of 
40 high strength materials such as H13 steel or stainless 
steel. Furthermore, the inner sleeve or member must 
have a minimum wall thickness sufficient to with- 
stand these repeated forces. The heating element is 
located in an air gap between the two sleeves and 
45 the air around the coils of the element acts as an 
insulator. This fact, combined with the thickness of 
steel required to provide the inner member with 
sufficient strength, requires that the heating element 
be maintained at higher temperatures to provide 
50 sufficient heat to the melt. This failure to quickly 
transfer heat away from the heating element results 
in it burning out, thus limiting the effective life of the 
bushing. 

55 Summary of the invention 

Accordingly, it is an object of the present invention 
to at least partially overcome these disadvantages 
by providing a sprue bushing of the type with a 
helical heating element having improved heat conr 

60 ductivity and strength characteristics. 

To this end, in one of its aspects, the invention 
provides an integral electrically heated sprue 
bushing comprising: and elongated inner core por- 
tion defining a central runner passage extending 

65 therethrough, the core portion being formed of a 



high strength material and having an undulating 
outer surface, a helical heating element having a 
plurality of spaced coils encircling the inner core 
portion, and an elongated outer shell portion cast on 

70 the inner core portion and the heating element to be 
in conductive contact with them along their lengths, 
the outer shell portion being formed of a material 
having a high conductivity. 
Further objects and advantages of the invention 

75 will appear from the following description taken 
together with the accompanying drawings: 

Brief description of the drawings 
Figure 1 is a sectional view of a sprue bushing 
80 according to a first embodiment of the invention; 
Figure 2 is a sectional view of a sprue bushing 
according to a second embodiment of the invention; 

Figure 3 is a partial sectional view of a heating 
element of double core construction; 
85 Figure 4 is a perspective view of a heating element 
of single core construction; and 

Figure 5 is a sectional view of the heating element 
shown in Figure 4. 

90 Description of the preferred embodiments 

Reference is made to Figure 1 which shows a 
sprue bushing 10 which has a central runner pas- 
sage 12 for conveying melt from the injection 
machine nozzle to the cavity 13. The sprue bushing 

95 10 has an inner core portion 14, a helical heating 
element 16, and an outer shell portion 18. The inner 
core portion 14 defines the runner passage 12, which 
has a recessed inlet 20 for receiving the molding 
machine nozzle and a restricted orifice portion 22 

100 leading to the cavity 13. The outer surface 24 of the 
core portion 14 is shaped to form a helical ridge 26 
with a uniform curved cross section. Thus, in cross 
section, the outer surface 24 undulates in a regular 
pattern without forming any sharp corners or peaks. 

1 05 The electrical heating element 1 6 is of the single 
element type having quite a number of coils 28 
forming a helical shape. The heating element 16 is 
located over the inner core portion 1 4 and is 
stretched so that it covers most of the length of the 

110 inner core portion 14 and also so that each coil 28 of 
the heating element is separated from the adjacent 
coils. The inner core portion 14 of the sprue bushing 
10 has an inlet shoulder portion 30 with a depending 
lip 32, and the heating element 16 has a connector 

115 portion 34 extending through a hole In the lip 32 to 
which the lead wires 36 are attached. A slot is 
provided through the lip 32 for the insertion of a 
thermocouple 38 to monitor the temperature of the 
sprue bushing. While the helical diameter of the 

1 20 heating element 1 6 is sufficient to just barely clear 
the surface 24 of the core portion 14, the helical 
heating element is threaded in one direction and the 
helical ridge 26 on the outer surface 24 of the inner 
core portion 14 is threaded in the opposite direction, 

125 so that if there is contrast between them it will be 
only at the points where they intersect. 

With the heating element 16 in position around the 
inner core portion 1 4, the outer shell portion 1 8 is 
cast over them to provide a generally cylindrical 

130 shape, although it may be slightly sloped to facilitate 
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casting. The inner core portion 14 is formed of a high 
strength corrosion resistant thermally conductive 
material, in this embodiment a beryllium nickel alloy 
having approximately 2% beryllium, 1/2% chrome, 
5 and the remainder essentially nickel. The outer shell 
portion 18, on the other hand, is formed of a highly 
conductive material, in this embodiment a beryllium 
copper alloy having approximately 1% beryllium, 4% 
cobalt, and the remainder essentially copper. When 
10 the material of the outer shell portion 18 is cast over 
the heating element 16 and the inner core portion 14, 
it flows between the separated coils 28 of the heating 
element 1 6 and bonds to the surfaces of both of 
them. Due to the separation of the coils 28 and the 
15 heating element 16 and the helical ridge 26 being 
threaded in opposite direction, the beryllium copper 
surrounds the coils of the heating element, leaving 
few, if any, insulative voids or air pockets. Thus, heat 
is quickly conducted away from the heating element 
20 by the highly conductive material of the outer shell 
portion 18. Furthermore, the ridged shape of the 
surface 24 of the inner core portion 1 4 provides a 
maximum of surface contact between it and the 
outer shell portion 18, thus increasing the efficiency 
25 of heat transfer to maintain the melt in the runner 
passage 12 at a more constant temperature. Also, 
the integral structure of the sprue bushing and the 
encircling ridge 26 and heating element structure 
provide increased strength to withstand the repe- 
30 ated high pressure loading, thus allowing the wall 
thickness of the inner core portion 14 to be reduced 
which, in turn, again increases the heat conductivity 
from the heating element 16 to the melt. 
The single element type heating element 1 6 may 
35 be of either single core or double core construction. 
Referring to Figure 3, the double or 2-core heating 
element 16 has a flexible metal sheath 60 formed of 
a material such as Inconel or stainless steel. En- 
closed in the sheath 60 is the resistance wire 62 
40 formed of a material such as a nickel chromium alloy 
surrounded by a refractory powder electrical insulat- 
ing material 64 such as compacted magnesium 
oxide powder. As may be seen, the resistance wire 
62 extends to the end of the heating element 16 and 
45 then doubles back on itself to provide heating along 
the length of the heating element 16. 

The heating element 16 of the single core type 
shown in Figures 4 and 5 has a similar structure 
except that only a single resistance wire 62 is located 
50 in the insulating material 64 inside the sheath 60. 
However, the single element structure is provided by 
turning the assembled unit back upon itself and then 
braiding the two portions together. This has the 
advantage of being much more economical to 
55 manufacture. 

In use, the sprue bushing is installed between the 
molding machine and the cavity 1 3 and the lead 
wires 36 are connected to a suitable source of power. 
After the sprue bushing 10 has heated up, operation 
60 commences. Melt from the machine is injected 
under very high pressure from the machine into the 
runner passage 12 and is kept in the molten state by 
heat from the heating element 16. After the applica- 
tion of each impulse of pressure from the machine to 
65 fill the cavity, the melt solidifies in the area of the 



restricted orifice portion 22 and at the same time 
there is a slight drawback of pressure from the. 
machine which draws at least some of the melt back 
out of this area of the runner passage. Cooling 54 is 

70 provided to the cavity plate 44 and after the part has 
set, the mold opens to eject it and then closes again 
and the process is repeated. This provision of 
sufficient heat down close to the gate area and 
utilization of the machine drawback enables a high 

75 quality sprueless product to be molded without 
repeated malfunctioning of the apparatus. 

Referring now to Figure 2, it illustrates a sprue 
bushing 10 accordng to a second embodiment of the 
invention. As many of the features are identical to 

80 those of the first embodiment, features common to 
both embodiments are described and illustrated 
using the same reference numerals. The sprue 
bushing 1 0 according to this embodiment also has a 
central runner passage 12 defined by an inner core 

85 portion 14, a helical heating element 16, and an outer 
shell portion 1 8. The difference is that the inner core 
portion is shaped to form a pointed tip 40 which 
extends adjacent the gate 42 in the cavity plate 44. 
As may be seen, the runner passage splits into two 

90 arms 46 to convey the melt into a semicircular area 
48 surrounding the tip 40, from which it flows past 
the tip and into the cavity 13. The inner core portion 
14 also has a flanged skirt portion 52 which makes 
contact with the cavity plate over a minimum width 

95 of approximately 0.040 inches to locate it and seal 
the melt against leakage. The highly conductive 
outer shell portion 1 8 is surrounded by air gap 56 to 
reduce heat loss to the cavity plate 44. 
The use of this embodiment of the invention, as 

100 well as the structure of the heating element 16 and 
helical ridge 26 are similar to that of the first 
embodiment and need not be described further. 

Although the description of this invention has 
been given with respect to two particular embodi- 

105 ments of the sprue bushing, it is not to be construed 
in a limiting sense. Many variations and modifica- 
tions will now occur to those skilled in the art In 
particular, other shapes and configurations of ridges 
could be used to provide the undulating outer 

110 surface of the inner core portion of the sprue 

bushing. For a definition of the invention, reference 
is made to the appended claims. 

CLAIMS 

115 

1 . An integral electrically heated sprue bushing 
comprising: 

(a) an elongated inner core portion defining a 
central runner passage extending therethrough, the 

120 core portion being formed of a high strength ther- 
mally conductive metal material and having an 
undulating outer surface; 

(b) an electrically insulated helical heating ele- 
ment having a plurality of spaced coils encircling the 

125 inner core portion and terminal means adapted to 
receive electrical power from an external source, the 
inner helical diameter of the heating element being 
at least as great as the maximum outer diameter of 
the undulating outer surface of the inner core 

130 portion; and 
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(c) an elongated outer shell portion cast on the 
inner core portion and the heating element to be 
bonded to them along their lengths, the outer shell 
portion being formed of a metal having a high 
5 thermal conductivity. 

2. A sprue bushing as claimed in claim 1 wherein 
the outer surface of the inner core portion is 
corrugated. 

3. A sprue bushing as claimed in claim 1 wherein 
10 the outer surface of the inner core portion defines a 

helical ridge having a uniform curved cross section. 

4. A sprue bushing as claimed in claim 3 wherein 
the helical heating element and the helical ridge are 
threaded in opposite directions. 

15 5. A sprue bushing as claimed in claim 1,2 or 3 
wherein the inner core portion is formed of a 
beryllium nickel alloy and the outer shell portion is 
formed of a beryllium copper alloy. 

6. A sprue bushing as claimed in claim 1 wherein 
20 the heating element comprises a resistance wire 

having a first portion extending from the terminal 
means and a second portion returning to the termin- 
al means, the first and second portions of the wire 
being surrounded by insulating material and en- 
25 closed in a single conductive sheath. 

7. A sprue bushing as claimed in claim 1 wherein 
the heating element comprises an insulated resist- 
ance wire having a first portion extending from the 
terminal means and a second portion returning to 

30 the terminal means, the first and second portions 
being twisted together to form a single element. 
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